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Full colour hologram, for Improved colour reproduction - comprises 
recording medium obtd. from recording layers forming yellow-, 
magenta* and cyan-dyes, for large wavelength reproducing area 

C92-015446 



Hologram comprises hologram recording medium obtd. by stacking 
first recording layer forming yellow dye by sensing blue light, 
se ^ n £ recording layer formin g magenta dye by sensing green light, 
ana tnird recording layer forming cyan dye by sensing red light. • 
Pref. panchromic- and ortho-silver salt emulsions, yellow colloid 
silver filter layer, and regular silver salt emulsions are successively 
formed on base. Emulsion is obtd. by dispersing fine particulate 
silver halide crystal into gelatin. 

USB/ADVANTAGE - Reproducing wavelength area w.r.t. colour 
reproduction can be widened. Colour reproducibility of reproduced 
image can be improved, and is close to natural colour. Visible extent 
in vertical direction (direction perpendicular to slit) useful for 
colour reproduction can be widened in rainbow- full colour 
hologram, so colour reproducibility can be improved. (23dd 
Dwg.No.l,2/27) 
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Claim 



A type of full color dye hologram characterized by the fact 
that the full color dye hologram is made of a hologram -recording 
medium as a laminate of the following recording layers: a first 
recording layer which is blue photosensitive and forms yellow 
dye, a second recording layer which is green photosensitive and 
forms magenta dye, and a third recording layer which is red 
photosensitive and forms cyan dye. 

Detailed explanation of the invention 

Industrial application field 

This invention pertains to a type of full color dye 
hologram, which makes use of red (R) , green (G) and blue (B) 
components to expand the reproduction wavelength range that 
contributes to the color reproduction and to expand the visual 
field in the longitudinal direction. 

Prior arts 

, When a slit-like color chart (referred to as slit image 
hereinafter) is used as the object of a hologram, as the hologram 
is reproduced under white light, a series of spectral images of 
the slit image in the entire visible spectrum are formed as shown 
in Figure 26. 



[Numbers in the margin indicate pagination in the foreign text.] 



On the other hand, in order to realize full color for the 
hologram under white light, the spatial frequency is increased in 
the order of a hologram containing blue (B) information, a 
hologram containing green (G) information, and a hologram 
containing red (R) information. For this configuration, when 
reproduction is performed using white light, for the hologram 
containing color information with a higher spatial frequency, the 
diffraction angle is larger. On the other hand, for the hologram 
containing color information with a lower spatial frequency, the 
diffraction angle is smaller. Consequently, the spectra of the 
slit images reproduced by the holograms containing various color 
information are imaged with deviation in the longitudinal visual 
field direction. Consequently, the spectral imaging positions of 
the slit images reproduced from the hologram containing the red 
(R) information, the hologram containing the green (G) 
information, and the hologram containing the blue (B) information 
become what shown in Figure 27. In Figure 27, ® represents the 
spectrum of the reproduced slit image of the hologram containing 
blue (B) information; ® represents the spectrum of the 
reproduced slit image of the hologram containing green (G) 
information, and ® represents the spectrum of the reproduced 
slit image of the hologram containing red (R) information. 

In order to realize full color hologram by reproduction 
using white light, deviation among the spectral imaging positions 
of the aforementioned slit images is exploited. That is, full 
color can be realized by overlapping the slit image of B spectrum 
that reproduces the blue (B) information, the slit image of the G 
spectrum that reproduces the green (G) information, and the slit 
image of the R spectrum that reproduces the red (R) information, 
and by performing adding color blending of R, G, and B, so as to 



realize appropriate color reproduction. Also, as the hologram 
recording material, silver salt or photoresist material is used. 

Problems to be solved by the invention 

However, when the aforementioned silver salt or photoresist 
material is used as the aforementioned hologram recording 
material, and reproduction is performed using white light, as the 
light in the entire visible spectrum contributes to the 
diffraction, a series of slit images are formed, as shown in 
Figure 27. Consequently, the following problems take place. 

(a) When the spectral width of the reproduction wavelength 
is increased, the reproduced image formed becomes less blurry. 
In order to realize this, in the case of a rainbow type, the 
visual field in the longitudinal direction becomes narrower for 
the slit. Consequently, the visual field range in the 
longitudinal direction that can realize correct color 
reproduction (the direction perpendicular to the slit) becomes 
narrower. 

(b) In the case of rainbow type, when the position of eyes 
shifts only a little from point B shown in Figure 27, the color 
reproduction of the reproduced image becomes scattered. 

(c) The reproduction wavelength region contributing to the 
color reproduction is narrow (all of the hologram shown. in Figure 
25) . 

The purpose of this invention is to solve the problems of 
the aforementioned conventional scheme by providing a type of 
full color dye hologram, which is of the rainbow type, allows 
expansion of the visual field range in the longitudinal direction 
that permits correct color reproduction (the direction 



perpendicular to the slit), and allows expansion of the 
reproduction wavelength range contributing to the color 
reproduction for all of the holograms of the amplitude type and 
transmissive type, and which ensures excellent color reproduction 
similar to the natural color even when the position of eyes 
shifts a little. 

Means for solving the problems 

In order to realize the aforementioned purpose, this 
invention provides a type of full color dye hologram 
characterized by the fact that the full color dye hologram is 
made of a hologram recording medium as a laminate of the 
following recording layers: a first recording layer which is blue 
photosensitive and forms yellow dye, a second recording layer 
which is green photosensitive and forms magenta dye, and a third 
recording layer which is red photosensitive and forms cyan dye. 

Function 

Consequently, for the full color dye hologram of this 
invention, by means of coloring the blue component of the color 
image to yellow, the green component to magenta, and the red 
component to cyan, it is possible to expand the visual field 
range in the longitudinal direction (the direction perpendicular 
to the slit) that allows correct color reproduction for the 
rainbow type. Also, excellent color reproduction can be realized 
even when the position of eyes shifts a little. Also, the full 
color dye holpgram of this invention enables expansion of the 
reproduction wavelength region contributing to the color 



reproduction pertaining to the entire hologram of the amplitude 
type or transmissive type. 

Application Examples 

First of all, the ideas of this invention will be explained. 

Figure 5 is a cross-sectional view illustrating an example 
of configuration of the recording medium for forming the full 
color dye hologram of this invention. This recording medium has 
a 3-layer emulsion configuration formed by coating of plural 
layers of emulsion, just as in the case of the conventional color 
film. On base (substrate) (30), panchromic-type silver-salt 
emulsion (31) is coated. On this layer, ortho-type silver salt 
emulsion (32) is coated. Then, yellow-colored colloidal silver 
filter layer (33) is coated. Finally, regular-type silver salt 
emulsion (34) is coated as the uppermost layer. These emulsions 
are silver salt emulsions which are prepared by dispersing 
ultrafine grains of silver halide in gelatin and allow hologram 
recording. Also, in order to form dye interference fringes 
C-coloring coupler is added into panchromic emulsion, M-coloring 
coupler is added into ortho emulsion, and Y-coloring coupler is 
added into the regular emulsion. 

Figure 6 is a diagram illustrating the photosensitive 
wavelengths of the various types of emulsions. As shown in 
Figure 6, the photosensitive wavelength region for the uppermost 
regular emulsion is 400-500 nm, and it becomes B-photosensitive 
layer. Also, the ortho emulsion below it has a photosensitive 
wavelength region of 400-600 nm. However, as the wavelength band 
of 400-500 nm is absorbed by the Y-filter layer, the 
photosensitive wavelength region for the ortho emulsion becomes 
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500-600 nm, and it becomes G-light photosensitive layer. In 
addition, the lowest panchromatic emulsion has photosensitive 
wavelength regions of 400-500 nm and 600-700 nm. However, just 
as the ortho emulsion, as the wavelength band of 400-500 nm is 
absorbed by the Y-filter layer, this layer finally becomes 
R-photosensitive layer having a photosensitive region of 
600-700 nm. 

On the other hand, Figure 7 illustrates coloring of the 
various emulsion layers after development. As shown in Figure 7, 
due to action of the Y-coloring coupler added, the regular 
emulsion layer as B-light photosensitive layer is colored to Y, 
the complementary color of B-light. Due to action of the 
M-coloring coupler added, the ortho emulsion layer as the G-light 
photosensitive layer is colored to M, the complementary color of 
G-light. Also, due to action of the C-coloring coupler, the 
panchromatic emulsion layer as the R-light photosensitive layer 
is colored to C, the complementary color of R-light. 

Then, the full color dye hologram recording medium with the 
aforementioned configuration (referred to as dry plate 
hereinafter) is used to form hologram of an object having colors. 
In this case, the color chart shown in Figure 8 is used as the 
object. 

First of all, let's look at the Fresnel type hologram which 
can form the reproduction image by means of laser reproduction 
alone. Figure 9 is a diagram illustrating the hologram recording 
optical system. In Figure 9, as the light source for recording, 
a white-color laser (35) having an oscillation spectrum for each 
of wavelength regions R, G, and B is used. The beams of R, G and 
B, as shown in Figure 10 emitted from said white-color laser (35) 
is divided by beam splitter (BS) (36) to two beams. One of these 



beams is bent by bean splitter (36) and mirror (37), and it then 
goes through objective lens (38) and is incident on pinhole (39) 
to become a spherical light wave, which is then converted to a 
parallel light beam by collimator lens (CL) (40) . This parallel 
light beam is used as the reference beam. The other beam passes /ll 
through beam splitter (36), bent by mirror (41), and is incident 
on objective lens (42) and pinhole (43) to form a spherical light 
wave, which passes through color chart (44) as the object light. 
Then, the object light and the aforementioned reference light 
illuminate dry plate (45), and the interference fringes formed by 
them are recorded to form a Fresnel type hologram. In "this case, 
for R, G and B light waves, interference can take place-to form 
interference fringes only between the object light and the 
reference light at the same wavelength. That is, interference 
fringes can be formed only between B light and B light, or 
between G light and G light, or between R light and R light. 

Then, Figure 11 is a diagram illustrating how the 
interference fringes formed by R. G and B light waves are 
recorded on dry plate (45) when the hologram of color chart (44) 
as the object is taken by the aforementioned optical system. As 
shown in Figure 11(a), under illumination of a spreading 
white-color laser beam, the color chart converts the light to the 
various object light waves of R-component image having 
R-component color information alone, G-component image having 
G-component color information alone, and B-component image having 
B-component color information alone (the object light waves 
decomposed to 3 colors of R, G, and B) . As the color chart is 
illuminated by the white-color laser light beam, the converted 
object light waves R, G and B form interference fringes with the 
reference light waves R, G and B, respectively. As shown in 
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Figure 11(b), the interference fringes are recorded on the 
various emulsion layers of the dry plate. That is, for the dry 
plate with the configuration shown in Figure 7 , the interference 
fringes formed between B-light component object light wave and 
reference light wave are recorded on the regular emulsion layer 
as the B-light photosensitive layer; the interference fringes 
formed between G-light component object light wave and reference 
light wave are recorded on the ortho emulsion layer as the 
G-light photosensitive layer; and the interference fringes formed 
between R-light component object light wave and reference light 
wave are recorded on the panchromatic emulsion layer as" the 
R-light photosensitive layer. Recording of the interference 
fringes in this case is performed in the form of latent images of 
the silver halide image corresponding to the light intensity of 
the interference fringes. Also, in Figure 11(b), ® represents 
the latent image of the interference fringes of the B-component 
image hologram recorded on the regular emulsion layer, (D 
represents the yellow colloidal silver filter layer, (D 
represents the latent image of the interference fringes of the 
G-component image hologram recorded on ortho emulsion layer, and 
® represents the latent image of the interference fringes of the 
R-component image hologram recorded on the panchromatic emulsion 
layer. 

Then, for the hologram of the color chart with interference, 
fringes recorded on the various emulsion layers in the 
aforementioned configuration, coloring development, bleaching, 
and fixing processing are performed. In this way, interference 
fringes of the dyes that become the complementary colors with 
respect to the colors of the recording wavelengths for recording 
the interference fringes on the various emulsion layers are 
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formed. Figure 12 is a diagram illustrating coloring of the dye 
interference fringes formed on the various emulsion layers. In 
the following, the process for forming the dye interference 
fringes will be explained. First of all, in recording ;of the 
interference fringes on the emulsion layers, as pointed out in 
the above, in the portion of the interference fringe with a 
higher light intensity, a latent image of the silver halide image 
is formed, while no latent image is formed in the portion where 
the light intensity is low. As the interference fringes recorded 
in this form are colored and developed, due to the reducing 
function of the coloring developing agent, the silver hilide that 
forms the latent image is reduced and is converted to 
photographic silver image. That is, a photographic image is 
formed on the portion with a higher light density. On the other 
hand, on the portion with a low light intensity, as no latent 
image is formed there, the silver halide is left there unchanged. 
Also, the coloring development agent, which reduces silver halide 
forming the latent image, itself becomes coloring development 
agent oxide. The oxide. reacts with the coupler in the periphery 
of silver halide forming the latent image to form dye, which 
generates dye cloud of silver halide, forming a dye image. Due 
to the series of reactions, dye is formed at the portion of the 
interference fringes with high light intensity, while no dye is 
formed at the portion of the interference fringes with low light 
intensity. Then, after formation of dye at the portion of the 
silver halide image forming the latent image due to coloring 
development processing, bleaching and fixing processing are 
performed to remove the photographic silver image formed in the 
dye image. The aforementioned process is the process of 
formation of dye interference fringes. Also, in Figure 12, ® 




represents the interference fringes of the B-component image 
hologram recorded on the regular emulsion layer (yellow 
coloring); © represents the interference fringes of the 
G-component image hologram recorded on the ortho emulsion layer 
(magenta coloring); and (D represents the interference fringes of 
the R-component image hologram recorded on the panchromatic 
emulsion layer (cyan coloring)-. 

Now, let's consider the case when the obtained interference 
fringes formed by dyes on the hologram of the color chart /18 
(referred to as dye hologram hereinafter) is reproduced by a 
white-color laser of the same as that for recording to "form a 
reproduced image. First of all, the configuration of the 
illumination system for forming the reproduced image is 
illustrated in Figure 13. Also, in the figure, (46) represents a 
base, while (47) represents dye interference fringe/recording 
emulsion layers. As shown in the figure, illumination is 
performed from the same direction, with the reference light wave 
plane used for hologram recording as the illuminating light. As 
the illuminating light wave is incident on the dye hologram, the 
dye interference fringes recorded on the various layers of the 
dye hologram absorb the light in the wavelength region as 
complementary colors for the colors of the dyes (corresponding to 
the so-called amplitude type hologram), leading to diffraction 
phenomenon with respect to light in this wavelength region. As a 
result, due to light in this wavelength region, the reproduced 
image is re-displayed, with colors of the reproduced image 
corresponding to the colors of the light in the wavelength 
region. That is, as shown in Figure 14, with respect to the 
colors of the dyes of the dye interference fringes recorded on 
the various layers of the dye hologram, the reproduced image is 



formed by the colors as complementary colors. In Figure 14 , in 
portion ®, the complementary color light of the dye is absorbed. 
In portion ®, all of the light passes. In portion <D, the light 
other than the dye/complementary color light passes through it. 

The aforementioned relationship can be applied for the 
various layers of the dye hologram, as illustrated in Figure 
15 (a) -(c). The Y-coloring dye interference fringes recorded on 
the regular emulsion layer diffract the light in the wavelength 
region of B-component as a complementary color, forming a 
reproduced image of B-color (Figure 15(a)). Also, as shown in 
Figure 12, the hologram of the B-component image of the" color 
chart is recorded on the regular emulsion layer. Consequently, 
the B-component image of the color chart is color-reproduced by 
B-color, forming a reproduced image. Similarly, in the ortho 
emulsion, due to the M-coloring due interference fringes, the 
recorded G-component image is color-reproduced by G-color, 
forming a reproduced image (Figure 15(b)). Then, on the 
panchromatic emulsion layer, by means of the Ocoloring dye 
interference fringes, the recorded R-component image is 
color-reproduced by R-color, forming a reproduced image (Figure 
15(c)). Consequently, when dye hologram made of these layers is 
observed under illumination shown in Figure 13, it is possible to 
form a reproduced image with color reproduction in high fidelity 
to the colors of the original image of the color chart, as shown 
in Figure 16. 

In the above, as a typical hologram for which the reproduced 
image can be formed only by means of laser reproduction, a 
Fresnel type hologram is discussed with its ability to realize 
full color reproduction by forming a dye hologram for this type 
of hologram. However, there are also other types of 




13 

laser-reproduction type holograms that allow full color 
reproduction by forming dye holograms, such as the Fourier 
transformation type hologram shown in Figure 17 (a) , the 
Fraunhofer type hologram shown in Figure 17(b), and lensless 
Fourier transformation type hologram shown in Figure 17(c), and 
the Fresnel type holographic stereogram. Also, in Figure 17, 
(48) represents an object with colors; (49) represents a lens; 
(50) represents a dry plate; and (51) represents a pinhole. 

In the following, the transmissive type image-type hologram, 
a typical hologram for forming reproduced image by means of white 
light reproduction will be explained. Also, the types of. the 
image-type holograms include 1-step type lens imaging type using 
a lens, and a 2-step type holographic imaging type using Fresnel 
type hologram. Here, we will discuss the holographic imaging 
type. 

Figure 18 illustrates the recording optical system of the 
image-type hologram of the aforementioned type. .In Figure 18, as 
the light source, a white-color laser of the same as that having 
oscillation spectra in the various wavelength regions of R, G and 
B shown in Figure 9 is used. In this recording optical system, 
in order to form the image type hologram, first of all, each of 
the various beams of R, G, B output from white-color laser (52) 
is divided to two beams by a beam divider (53) . Then, one of 
these beams is bent by bean splitter (53) and mirror (54), and it 
then goes through objective lens (55) and is incident on pinhole 
(56) to become a spherical light wave, which is then converted to 
a parallel light beam by collimator lens (57) . As shown in 
Figure 16, the dye hologram of the color chart set in the optical 
system is illuminated by the parallel light wave in the direction 
of the real image reproduction, that is, from the direction 
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having a conjugate relationship with respect to the reference 
light wave used for forming the hologram shown in Figure 16, /19 
with a real image of the color chart with full color and made of 
a mixture of the various light waves of R, G, and B by -the 
illuminating light wave is formed on dry plate (58) . Also, the 
other beam passes through beam splitter (53), bent by mirror 
(59) and is incident on objective lens (60) and pinhole (61) to 
form a spherical light wave, which is used as the reference 
light. Due to interference between the real image of the color 
chart with full color obtained in the above and the reference 
light on dry plate (58), interference fringes are generated and 
recorded to form an image type hologram. In this case, '-as 
explained in the case of the Fresnel type hologram, the 
interference fringes formed by the light waves of R, G and B are 
recorded on the various emulsion layers of the dry plate, 
respectively. In this way, when the dye hologram recorded as an 
image type hologram is illuminated by white color from the 
direction opposite to that of the reference light in case of 
recording as shown in Figure 19, due to reasons explained with 
respect to Figure 15, when observation is made under 
illumination, the colors of the original color chart can be 
reproduced with a high fidelity, forming an image-type full color 
reproduced image. 

In the above, we have discussed the image type hologram as a 
typical hologram of the white light reproduction type, and have 
pointed out that it is possible to form a full color hologram by 
forming a dye hologram. However, there are also other two types 
of holograms that allow reproduction by white light with full 
color realized by dye hologram. 



First of all, there is the rainbow hologram. The rainbow 
hologram is an image type hologram characterized by the fact 
that, in order to reduce the blur of the image point at a 
distance from the surface of the dry plate when the hologram 
prepared by imaging a 3-dimensional stereo image on a dry plate 
is reproduced, a slit is inserted between the Fresnel type 
hologram of the image type hologram forming optical system and 
the dry plate (between the object and lens in the case of lens 
imaging) . 

Figure 20 is a diagram illustrating the optical system for 
forming the rainbow hologram. In this case, as the method for 
forming the interference fringes and the method for recording the 
interference fringes by R, G, and B light waves on the dry plate 
are identical to those of the aforementioned Fresnel type and 
image type, their explanation will be omitted. Now, let's 
consider the case when the dye hologram recorded as a rainbow 
hologram using the optical system shown in Figure 20 is 
illuminated by white light from the direction opposite to the 
reference light in recording as shown in Figure 21 to form a 
reproduced image. As pointed out in the above, the wavelength 
region of the light that contributes to diffraction is that of 
the light of the wavelength region corresponding to the 
complementary color of the dye of the dye interference fringes. 
Consequently, when white light having a continuous spectrum in 
the range of 400-700 nm is incident on the dye interference 
fringes of C, M and Y coloring, as shown in Figure 22, the 
spectra in the wavelength region as complementary colors to the 
aforementioned colors contribute to diffraction. Consequently, 
as shown in Figure 23 (a) -(c), when the white light is incident on 
the dye hologram of the rainbow type, the light of the 
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complementary color's B-component wavelength region (400-500 nm) 
is diffracted by the Y-coloring dye interference fringes recorded 
on the regular emulsion layer, forming the spectrum of the slit 
image in 400-500 nm. Similarly, the light of the complementary 
color's G-component wavelength region (500-600 nm) is diffracted 
by the M-coloring dye interference fringes recorded on the ortho 
emulsion layer, forming the spectrum of the slit image in 500-600 
nm. Also, the light of the complementary color's R-component 
wavelength region (600-700 nm) is diffracted by the C-coloring 
dye interference fringes recorded on the panchromatic emulsion 
layer, forming the spectrum of the slit image in 600-70*0 nm. 
Consequently, when the dye hologram of the rainbow type -is 
observed under illumination shown in Figure 21, as shown in 
Figure 24, the spectrum of the slit image of the aforementioned 
B-wavelength region, the spectrum of the slit image of the 
aforementioned G-wavelength region, and the spectrum of the slit 
image of the aforementioned R-wavelength region are overlapped 
with each other as they pass through the spectral opening of the 
slit image for observation. Consequently, a reproduced image 
with color reproduction having a high fidelity with the colors of 
the object can be obtained. 

Then, let's look at the other type, that is, the holographic 
stereogram. As hologram for white light reproduction, the 
holographic stereograms have two types, the image type and the 
rainbow type. 

For these two types of holographic stereograms, the same /20 
diffraction phenomenon as the diffraction phenomenon explained 
with respect to the rainbow hologram in the above is caused. As 
a result, it is possible to form a reproduced image with color 
reproduction in high fidelity to the colors of the object. 




In the following, based on the aforementioned ideas, an 
application example of this invention will be explained in detail 
with reference to figures. In the application example, a. dye 
hologram of the rainbow type that can realize full color 
reproduction under white light will be presented. 

Figure 1 is a cross-sectional view illustrating an example 
of the configuration of the dry plate used as the rainbow type 
dye hologram in a Fresnel type dye hologram in this invention. 
As shown in Figure 1, this dry plate (0) has a configuration with 
three layers of emulsions for sub-micron color photographic film 
formed on a glass substrate. On glass substrate (1), the 
following layers are formed in order: primer layer (2) > -halation 
inhibiting layer (3), intermediate layer (4), panchromatic type 
silver salt emulsion [layer] (5), intermediate layer (4), ortho 
type silver salt emulsion (6), intermediate layer (4), yellow 
col.loidal silver filter layer (7), regular type silver salt 
emulsion (8), and protective layer (9). 

For said dry plate (0), the silver salt emulsion for 
submicron photography, that is, the silver salt emulsion prepared 
by dispersing silver halide crystals as submicron grains in 
gelatin is used. Consequently, it has a resolution in the range 
of 1000-2000 L, and it is a dry plate that can record 
transmissive type hologram. Also, in order to form dye 
interference fringes in the aforementioned emulsion layers, 
coloring couplers are added into the emulsion layers: phenol 
derivative or naphthol derivative is added as cyan coloring 
coupler is added into panchromatic emulsion layer; pyrozolone 
derivative is added as magenta coloring coupler into the ortho 
emulsion layer; and benzoyl, acetanilide derivative, or 
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pivaloylacetanilide derivative is added as yellow coloring 
coupler into the regular emulsion layer. 

Said dry plate (0) with the aforementioned configuration was 
used to form Fresnel type dye hologram using the Fresnel hologram 
manufacturing optical system shown in Figure 2. In this case, 
the iight source used for manufacturing is He-Cd laser, a 
white-color laser (10), with wavelength of the laser beam of 
636.6 nm for red use, 537.8 nm for green use, and 441.6 nm for 
blue use. In addition to the white-color laser used in this 
application example, it is also possible to make use of a 
combination of the light of He-Ne laser with wavelength" of 632.8 
nm for red use, and the light of Ar laser with wavelengths of 
514.5 nm and 488 nm for green use and blue use, respectively, and 
it is possible to make use of a combination of the light of Ar 
laser with wavelengths of 528.7 nm and 457.9 nm for green use and 
blue use, and the light of Kr laser with wavelength of 647.1 nm 
for red use. 

The following is an explanation of the method for forming 
the full color Fresnel type hologram. First of all, as shown in 
Figure 2, the beam from white-color laser (10) is divided to two 
beams by means of beam splitter (11) . One of these beams is 
expanded by mirror (12), mirror (13), object lens (14A) , and 
pinhole (14B), and it illuminates object (15) having colors, 
forming object light. Also, the other beam is expanded by mirror 
(16), object lens (17A), pinhole (17B), and collimator lens (18) 
to form a parallel light beam as the reference light. Then, the 
object light and reference light interfere with each other on dry 
plate (0) , at that time the interference fringes, which were 
created , are stored on dry plate (0) . The dry plate with 
holograms (interference fringes) of the various components R, G 
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and B of object (15) having colors recorded on the various 
emulsion layers is then subject to development processing by 
coloring developing solution. In this processing, the silver 
halide that has been exposed is reduced to photographic silver by 
the coloring developing agent, and, at the same time, the oxide 
of the coloring developing agent formed in this case makes 
coupling reaction with the coupler in each emulsion to form the 
dye. In this case, as the coloring developing agent, the 
paraphenylene diamine type coloring developing agent is used. 
Also, due to the aforementioned reaction, yellow-color azomethine 
dye is formed in the regular emulsion layer; magenta-coior 
azomethine dye is formed in the ortho emulsion layer; and 
cyan-color indolaniline dye is formed in the panchromatic 
emulsion layer. As explained in the above, dry plate (0) has 
interference fringes of image formed by photographic silver and 
dyes after the coloring development processing. Then, dry plate 
(0) is subject to fixing processing. Finally, the dry plate is 
subject to bleaching and fixing processing to desorb the 
photographic silver, so that a Fresnel type dye hologram having 111 
interference fringes made of dyes alone is formed. 

Then, the Fresnel type dye hologram obtained in the 
aforementioned process was set in the rainbow hologram forming 
optical system shown in Figure 3 appropriately to ensure that. the 
reproduction light is incident from a direction opposite to the 
direction of the reference light shown in Figure 2, that is, the 
reproduction light is incident from the direction that enables 
real image reproduction, so as to form a rainbow type dye 
hologram. In this case, the aforementioned He-Cd laser with the 
same wavelengths as those of the laser with specifications 
presented in the above was used as the light source. The method 
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for forming the dye hologram of the rainbow type is as follows: 
first of all, in the optical system shown in Figure 3, the beam 
from white-color laser (19) is divided to two beams by means of 
beam splitter (20). One of these beams is expanded to -a parallel 
light beam by mirror (21), object lens (22A), pinhole (22B) , and 
collimator lens (23), and it illuminates Fresnel type dye 
hologram (24) to form a real-image reproduction light. As a 
result, a real image of the object having full color is formed on 
dry plate (0). In this case, the width of slit (24a) in front of 
the Fresnel type dye hologram is three times the width in the 
conventional case. In this way, the visual field in the 
longitudinal direction is expanded. Also, the other beam is 
expanded by mirror (25), object lens (26A), and pinhole (26B) and 
it is used as the reference light. Then, the real image 
reproduction light and reference light formed in the above 
interfere with each other on dry plate (0) . In this case, the 
interference fringes are recorded on dry plate (20) . 

As explained in the above, dry plate (0) has holograms 
(interference fringes) formed by interference between the various 
components (R, G, B) of the real image of the object having 
colors and the reference light and recorded on the various 
emulsion layers. The dry plate is then subject to the same 
coloring development processing, fixing processing, and 
bleaching/fixing processing as that for the aforementioned 
Fresnel type dye hologram. In this way, finally, a rainbow type 
dye hologram having interference fringes of dyes alone formed on 
the various emulsion layers is obtained. 

The finally obtained rainbow type full color dye hologram is 
then observed under illumination of the illuminating light from a 
direction opposite to the illuminating direction of the reference 
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light shown in Figure 3. In this case, a 3-dimensional image of 
the object having full color can be observed. Even when the eyes 
shift in the longitudinal direction, excellent color reproduction, 
still can be realized free of color deviation. Also, the 
reproduction wavelength region that contributes to the color 
reproduction becomes wider. Consequently, it is possible to 
realize color reproduction near the natural color. Also, while 
the visual field in the longitudinal direction (the direction 
perpendicular to the slit) is larger than that in the 
conventional method, it is possible to form an excellent 
reproduced image free of blur. Also, as shown in Figure 4, (1) 
represents glass substrate, and (27) represents dye interference 
fringes/recording emulsion layers. 

As explained in the above, for the rainbow type full color 
dye hologram in this application example, by coloring the 
B-component of the color image to yellow Y, the G-component to 
magenta M, and the R-component to cyan C, it is possible to 
expand in the longitudinal direction (the direction perpendicular 
to the slit) the visual field range that allows correct color 
reproduction. Also, even when the eyes shift a little in 
position, there is still no scattering in the color display of ° 
the reproduced image as would take place in the conventional 
case, and excellent color reproduction can be performed. In 
addition, by using a white-color laser and by using a recording 
material having a 3-layer configuration of R, G and B, in a 
single round of exposure operation, it is possible to form a full 
color dye hologram. Consequently, the operability can be 
significantly improved. 
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Also, as the hologram that allows full color reproduction 
using the hologram recording medium of this invention, the 
hologram shown in Figure 25 can be used. 

Effects of the invention 

As explained in the above, according to this invention, the 
hologram recording medium is made of a laminate of a first 
recording layer which is blue photosensitive and forms yellow 
dye, a second recording layer which is green photosensitive and 
forms magenta dye, and a third recording layer which is" red 
photosensitive and forms cyan dye. Consequently, for the rainbow 
type hologram, the visual field region that allows correct color 
reproduction can be expanded in the longitudinal direction (the 
direction perpendicular to the slit), and it is possible to 
expand the region of reproduction wavelength that contributes to 
the color reproduction for all of the holograms of the amplitude 
type and transmissive type. Also, the full color dye hologram 
provided by this invention is similar to the natural color with /22 
excellent color reproduction of the reproduced image, even when 
the position of eyes shifts a little. 

Brief description of figures 

Figure 1 is a cross-sectional view illustrating the 
configuration of an example of the dry plate used as the 
recording material of the rainbow type dye hologram, a Fresnel 
type dye hologram of this invention. Figure 2 is a diagram 
illustrating the optical system for manufacturing the Fresnel 
hologram. Figure 3 is a diagram illustrating the optical system 
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for manufacturing the rainbow hologram. Figure 4 is a diagram 
illustrating the direction of incidence of the white color for 
forming the 3-dimensional image of the full color dye hologram of 
the rainbow type. Figure 5 is a cross-sectional view - 
illustrating an example of the configuration of the recording 
medium for forming the full color dye hologram of this invention. 
Figure 6 is a diagram illustrating the photosensitive wavelengths 
of the various emulsions in Figure 5. Figure 7 is a diagram 
illustrating the coloring state of the various emulsion layers 
after development. Figure 8 is a diagram illustrating the color 
chart as the object. Figure 9 is a diagram illustrating the 
hologram recording optical system. Figure 10 is a diagram 
illustrating the oscillation spectrum of the white-color laser in 
Figure 9. Figure 11 is a diagram illustrating the state of 
recording of the interference fringes on the dry plate. Figure 
12 is a diagram illustrating coloring of the dye interference 
fringes formed on the various emulsion layers. Figure 13 is a 
diagram illustrating the illumination method for forming the 
reproduced image. Figure 14 is a diagram illustrating the 
mechanism of formation of the reproduced image on the dye 
hologram. Figure 15 is a diagram illustrating the relationship 
between the colors of the dyes of the dye interference fringes 
recorded on the various layers of the dye hologram and the 
diffraction phenomenon of the complementary color light. Figure 
16 is a diagram illustrating the reproduced image with high 
fidelity of any colors of the original image of the color chart. 
Figure 17 is a diagram illustrating the type of the 
laser-reproduction type hologram that allows full color 
reproduction by means of formation of the dye hologram. Figure 
18 is a diagram illustrating the recording optical system of the 
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image type hologram as a type shown in Figure 17. Figure 19 is a 
diagram illustrating the illumination method for forming the full 
color reproduced image. Figure 20 is a diagram illustrating the 
optical system for forming the rainbow hologram. Figure 21 is a 
diagram illustrating the illumination method for forming the 
reproduced image. Figure 22 is a diagram illustrating the 
contribution of the wavelength region, which becomes the 
complementary color, on the diffraction. Figure 23 is a diagram 
illustrating the spectrum of the slit image formed when 
white-color light is incident on the dye hologram of the rainbow 
type. Figure 24 is a diagram illustrating the slit image formed 
by overlapping the spectra of the various slit images in the 
B-wavelength region, G-wavelength region, and R-wavelength 
region. Figure 25 is a diagram illustrating an example of the 
hologram that allows full color reproduction by using the 
hologram recording medium of this invention. Figure 26 is a 
diagram illustrating the state of imaging of the series of 
spectra of the slit image over the entire visible spectrum. 
Figure 27 is a diagram illustrating the spectral imaging position 
of the slit image reproduced from the hologram containing various 
information of R, G and B. 
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Figure 1 



Key: 1 Glass substrate 

2 Primer layer 

3 Halation inhibiting layer 

4 Intermediate layer 

5 Panchromatic type silver salt emulsion 

6 Ortho type silver salt emulsion 

7 Yellow colloidal silver filter layer 

8 Regular type silver salt emulsion 

9 Protective layer 




Figure 2 

Key: a Oscillating wavelength 

b Recording emulsion layer 

c Dry plate 

10 White-color laser 

11 Bean splitter 

12 Mirror 

13 Mirror 

14A Object lens 

14B Pinhole 

15 Object having colors 

16 Mirror 

17A Object lens 

17B Pinhole 

18 Collimator lens 
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Figure 3 



a 


Oscillating wavelength 


b 


Recording emulsion layer 


c 


Dry plate 


19 


White-colored laser 


20 


Beam splitter 


21 


Mirror 


22A 


Objective lens 


22B 


Pinhole 


23 


Collimator lens 


24 


Fresnel type hologram 


25 


Mirror 


2 6A 


Objective lens 


26B 


Pinhole 
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Figure 4 

Key: a White light 

b Full color reproduced image 
c Glass substrate 
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Figure 5 

Key: a Base (substrate) 

31 Panchromatic type silver salt emulsion 

32 Ortho type silver salt emulsion 

33 Yellow-color colloidal silver filter layer 

34 Regular type silver salt emulsion 
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Figure 6 

Key: a B-photosensitive layer 

b G-photosensitive layer 

c R-photosensitive layer 

d Ratio of photosensitivity 

e Transmissivity 

f Absorption 
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Figure 7 

■ 

Key: a Regular emulsion layer 
b Ortho emulsion layer 
c Panchromatic emulsion layer 
. d B-photosensitive layer 
e G-photosensitive layer 
f R-photosensitive layer 
g Coloring 
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Figure 8 

Key: a. Black Cyan Magenta Yellow Blue Green Red White 




Figure 9 

Key: a R.G.B beam 

b Reference light 

c Object light 

d Recording emulsion layer 

e Base 

35 White-colored laser 

36 Beam splitter (BS) 

37 Mirror 

38 Objective lens 

39 Pinhole 

40 Collimator lens (CL) 

41 Mirror 

42 Objective lens 

43 Pinhole 

44 Color chart 
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Figure 10 



Key: 1 
2 



Output 
Wavelength 




Figure 11 (b) 

White-color laser 
Beam 

Component image 
Object light wave 
Reference light 
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Figure 12 

Coloring 
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Figure 13 

Dye hologram 




Figure 14 

Key: 1 Reproduced image (virtual image) -> dye/complementary 
color light 

2 Arbitrary dye interf erence fringes 

3 Diffraction by dye/complementary light (+lst 
diffraction) 
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Figure 15(a) 




Figure 15(b) 
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Figure 15(c) 

Key: a Color chart 

b Component image 

c Light reproduction 

d Regular emulsion layer 

e Ortho emulsion layer 

f Panchromatic emulsion layer 
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Figure 16 

Key: a Color-reproduced color chart's reproduced image 
b Dye hologram 
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Figure 17(c) 

Key: a Reference light 
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Figure 18 



R.G.B beam 

Fresnel type dye hologram of color chart 
Real image/reproduced image of color chart 
Base 

Recording emulsion layer 
White-color laser 
White-color laser 
Beam splitter 
Mirror 

Objective lens 
Pinhole 

Collimator lens 
Dry plate 
Mirror 

Objective lens 
Pinhole 




Figure 19 

White light 
Dye hologram 




Figure 20 

R.G.'B beam 

Fresnel type dye hologram of 3-dimensional object 
having colors 

Real image/reproduced image of 3-dimensional object 

having colors 

Base 
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52 
53 
54 
55 
56 
57 
58 
59 
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Recording emulsion layer 
White-color laser 
Beam splitter 
Mirror 

Objective lens 
Pinhole 

Collimator lens 
Dry plate 
Mirror 

Objective lens 
Pinhole 
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Figure 21 



Key: a 
b 



White light 
Dye hologram 
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Figure 22 

Key: a Spectrum of white light 

b Output 

c Wavelength 

d Dye 

e . Transmissivity 

f Wavelength 

g Output 
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Figure 23 

Key: a Slit image/spectrum 

b Regular emulsion layer 
c Ortho emulsion layer 
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Figure 24 

Key: a White light 
b Dye hologram 
c Spectrum of slit image 
d Full color reproduced image 
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Figure 25 

Key: a Amplitude type and transmissive type hologram 

b Laser reproduction type 

c White light reproduction type 

d Fresnel type hologram 

e Fourier transformation type hologram 

f Lensless Fourier transformation type hologram 

g Fraunhofer type hologram 

h Holographic stereogram 

i Image type hologram 

j Holographic stereogram 

k Rainbow hologram 

1 Holographic stereogram 
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Figure 26 



White light 
Hologram 




Figure 27 



White light 
Full-color hologram. 



